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Abstract 
The use of lithium batteries in the conditions associated with the operation at low temperatures requires studying the effect of
temperature factor on battery performance. Using the simulation, and particularly equivalent circuit models method, may be 
useful at the initial stages of the study. The paper describes the use of lithium battery model with one voltage source, one series
resistor, and a single RC block for simulating the LiFePO4 battery operation at low temperatures. The model was validated using
experimental data obtained by LiFePO4 battery discharge at different temperatures and showed good accuracy. The simulation 
results allow estimating the negative effect of low operating temperature on battery parameters and making a conclusion about 
the need for systems creating optimum operating conditions for batteries working under severe temperature conditions. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of the International Conference on Industrial Engineering (ICIE-
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1. Introduction 
Batteries (chemical sources of electricity) are now widely used in various technical systems – from mobile 
phones and power systems to backup power. One of the most perspective and promising application include electric 
and hybrid vehicles, as well as energy storage systems for stand-alone power systems. [1,2,3] Distributed and 
autonomous energetics is particularly relevant for Russia, since according to various estimates from 60 to 70% of 
the territory is not covered by centralized power. About 20 millions of people and up to 15% of natural resources of 
the Russian Federation are concentrated in this area. [4] The use of autonomous energy systems based on renewable 
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energy sources is the most appropriate in these areas. Application of autonomous power covers all aspects of human 
life, which requires a source of power: power supply of remote settlements, equipment for the protection of borders 
and critical facilities, oil and gas pipelines, temporary parking camps, engineering constructions, mobile operators 
equipment. The battery is an essential part of the autonomous power supply system, smoothing the curve of 
electricity generated by the renewable sources and ensuring the load operation 
2. Task formulation 
Battery performance and lifetime are affected by a number of factors (charge and discharge dynamics, depth of 
discharge, operating temperature, storage temperature, etc.). [1,5] It is especially important to emphasize the factor 
of temperature, which become critical in the severe temperature conditions of Russia, where the average annual 
temperature is –23 °C  in some regions. [6] Battery's available discharge capacity and lifetime can dramatically 
decrease under such conditions. 
Studies of severe temperature conditions influence on the batteries characteristics can be performed both by full-
scale tests [7], and simulation. Conducting full-scale research requires significant financial and time costs. 
Therefore, at the initial stage it is rationally to use computer simulation, which allows to simulate the battery 
operation, analyze obtained characteristics and dependences, as well as predict the behavior of batteries under 
various environmental conditions. 
There are a number of batteries models developed [8,9,10], but the most common approach is the equivalent 
circuit model (ECM) method, which provides acceptable accuracy and low computational cost. The lithium battery 
ECM with a single RC-block developed by Robin Jackey at Mathworks [11] was used in this work. This model (Fig. 
1) includes voltage source Em, RC-branch of the capacitor C1 and resistor R1, and the series resistor R0. The 
parameters of all elements of the equivalent circuit are changed depending on the battery temperature (T) and the 
state of charge (SOC). This change is realized by means of two-dimensional tables of values of each element, where 
the rows represent the values of the SOC and temperature columns. The model is able to predict changes in the 
battery voltage during operation and estimate an SOC in real time based on changes in ambient temperature [12], 
but it needs to be validated – the model parameters must be estimated so the behavior of the model adequately 
represents battery operation. 
Fig. 1. (a) Electrical scheme of cell ECM; (b) Matlab Simulink ECM. 
3. Experimental testing and simulation 
LiFePo4 (Lithium iron phosphate) battery Zippy Flightmax was used for experimental testing. Some 
characteristics of the selected cell that are necessary for further simulation are given in Table 1. 
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The values of 955.4 J/kgK as specific heat capacity of the cell (as a standard value for LiFePo4 batteries [13]) 
and 10 W/m2 as the heat transfer coefficient between the cell and the environment (which corresponds the natural 
cooling) were selected for simulation. 
                        Table 1 Cell characteristics. 
Parameter Value 
Nominal capacity 2100 mAh 
Weight 0,063 kg 
Height 0,121 m 
Width 0,044 m 
Thickness 0,006 m 
The experimental setup for the investigation of temperature influence on the battery performance consisted of the 
Imax B6 AC Charger, the cell with the attached temperature sensor, a laptop connected to the charger via RS-485 
for data collection using Logview software. 
The cell was discharged with 0,5 A and 1 A current at a 25 °C temperature, and with 1 A current at –15 °C 
temperature in a climatic chamber. Received dependencies of discharge voltage from SOC at different temperature 
and discharge current, approximated in Matlab, are shown in Fig. 2. 
Fig. 2. Dependencies of discharge voltage from SOC at different temperature and discharge current. 
The lookup tables for each circuit element were chosen to be based on 13 different points of SOC (0; 0,01; 0,02; 
0,5; 0,1; 0,3; 0,5; 0,7; 0,9; 0,95; 0,98; 0,99; 1). SOC breakpoints spaced with a bias toward low and high SOC in 
order to more accurately reflect the change of the cell voltage at the beginning and end of the discharge. 
The discharge curves UI1(SOC, 25°C) and UI2(SOC, 25°C) where I1 = 0,5 A, I2 = 1 A (Fig. 2) were used to 
determine the internal resistance of the cell at  25 °C temperature using the following equation: 
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The calculated values of the cell internal resistance and their approximation curve are shown in Fig. 3. The cell 
EMF was calculated knowing cell internal resistance and discharge voltage in the breakpoints using the equation: 
1 21 2( , 25 ) ( , 25 ) ( , 25 ) ( , 25 ) ( , 25 )I IE SOC C SOC C R SOC C SOC C R SOC CU UI Iq  q   q  q   q   (2)
Fig. 3. Calculated and approximated cell internal resistance at 25 °C. 
EMF of the battery is weakly dependent from temperature, the resistance, on the contrary, significantly increases 
with decreasing temperature. [13,14,15]. Cell internal resistance at –15 °C temperature was calculated using 
parameter estimation to make the simulation curve match the experimental data with the maximum accuracy. The 
dependence of the cell internal resistance from the SOC and the temperature is shown in Fig. 4. As can be seen from 
the Fig. 4, the cell internal resistance at –15 ° C temperature is 3,5 times greater than at 25 ° C. 
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Fig. 4. Cell internal resistance at different temperatures. 
The simulation of the cell discharge with 1A current at 25 °C and –15 °C was conducted and the results were 
compared to the experimental data to test the accuracy of the model. Simulated and experimentally obtained 
discharge curves are shown at Fig. 5. 
a)         b) 
Fig. 5. (a) Simulated and experimentally obtained discharge curves at 25 °C; (b) simulated and experimentally obtained discharge curves at –15 
°C
Analysis of the results (see. Fig. 5) shows good alignment of simulation results with experimental data. The 
validated model can be used to predict the battery performance under a variety of operating conditions. To estimate 
the effect of low temperatures the discharge with 1 A current at different temperatures was simulated and the results 
are shown on Fig. 6. 
Fig.6. Simulated discharge curves at different temperatures. 
The simulation showed the cell discharge capacity of 1800 mAh at –23 ° C temperature, which is more than 20% 
less then discharge capacity at 25 °C temperature (2300 mAh). These simulation results provide an estimation of the 
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negative effect of low operating temperature on battery parameters and help to make a conclusion about the need for 
systems creating optimal operating conditions for batteries working under severe temperature conditions. 
4. Conclusions 
• The use of equivalent circuit models method in the applied battery allows to obtain the results which are align 
with the experimental data. 
• The simulation results of the LiFePO4 battery operation showed the increase of internal resistance with the 
factor of 3.5 and the decrease in available discharge capacity more than 20% with the decrease of ambient 
temperature from 25 ° C to –23 °C. 
• One of the methods of increasing the performance of the batteries, working under severe temperature 
conditions, is the application of the systems creating optimal operating conditions for batteries. 
• The verified battery model can serve as the basis for its further development by taking in the account changes in 
the battery characteristics caused by aging, widening the temperature range of the model by adding more 
temperature breakpoints, as well as adding of the devices creating optimal operating conditions for batteries. 
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